Background: Macrophages are a component of a tumor's microenvironment and have various roles in tumor progression and metastasis. This study evaluated the relationships between tumorassociated macrophage (TAM) density and clinical outcomes in 14 different types of human cancers. Methods: We investigated TAM density in human tissue microarray sections from 14 different types of human cancers (n = 266) and normal thyroid, lung, and breast tissues (n = 22). The five-year survival rates of each cancer were obtained from the 2011 Korea Central Cancer Registry. Results: Among 13 human cancers, excluding thyroid cancer, pancreas, lung, and gallbladder cancers had the highest density of CD163-positive macrophages (7.0 ± 3.5%, 6.9 ± 7.4%, and 6.9 ± 5.5%, respectively). The five-year relative survival rates of these cancers (pancreas, 8.7%; lung, 20.7%; gallbladder, 27.5%) were lower than those of other cancers. The histological subtypes in thyroid cancer exhibited significantly different CD163-positive macrophages densities (papillary, 1.8 ± 1.6% vs anaplastic, 22.9 ± 17.1%; p < .001), but no significant difference between histological subtypes was detected in lung and breast cancers. Moreover, there was no significant difference in CD163-positive macrophages densities among the TNM stages in lung, breast, and thyroid cancers. Conclusions: Cancers with higher TAM densities (pancreas, lung, anaplastic thyroid, and gallbladder) were associated with poor survival rate.
▒ ORIGINAL ARTICLE ▒ The tumor microenvironment includes cancer cells and various stromal cells, including immune cells, fibroblasts, and vascular endothelial cells. 1 Tumor-associated macrophages (TAMs) are also present in the tumor microenvironment and are important in tumor progression and metastasis. 2 TAMs can induce neoplastic cell transformation, elicit tumor destructive reactions, and have either negative or positive effects on tumor growth. 3 Several reports have suggested that TAMs are associated with tumor growth, disease progression, and poor prognosis in some human cancers. [4] [5] [6] Moreover, high densities of TAMs are present in the more advanced stages of cancers that have poor prognoses, such as breast, 7 lung, 8 thyroid, 5 and bladder 3 cancers. In contrast, several reports, including those on colorectal, 9 stomach, 10 lung, 11, 12 and endometrial 13 cancers, have shown that a high density of TAMs is associated with a high survival rate. Collectively, these results suggest that TAMs can have either positive or negative effects depending on the specific tissue type, tumor location, and tumor stage. The aim of this study was to evaluate the relationship between TAM density and clinical outcome in various human cancers.
MATERIALS AND METHODS

Study subjects and tissue microarrays
We purchased 14 different type of human cancer human tissue microarray sections (lung, 49; breast, 49; thyroid, 10; pancreas, 10; gallbladder, 9; larynx, 9; esophagus, 10; liver, 10; cervix, 10; ovary, 10; stomach, 10; prostate, 9; kidney, 9; and endometrium, 9 sections) and normal tissues (lung, 9; breast, 8 sections) from SuperBioChips Laboratories (Seoul, Korea). The supplier pro-vided the clinical information associated with each section, including age at surgery; gender; pathologic diagnosis; TNM staging for cancers; survival/death follow-up result for lung and breast cancers; and estrogen receptor (ER), progesterone receptor (PR), p53, and C-erbB2 expression for breast cancers. Thyroid microarrays contained normal thyroid (n = 5), papillary thyroid cancer (PTC; n = 35), and anaplastic thyroid cancer (ATC; n = 18), and one of the thyroid microarray slides was used in a previous study.
14 Clinical and pathologic data for the thyroid samples were obtained from medical records at Seoul National University Hospital and SMG-SNU Boramae Medical Center. The five-year cancer relative survival rates were obtained from the 2011 annual report of cancer statistics in Korea. 15 Immunohistochemistry on tissue array blocks CD68 and CD163 were used as TAM markers. Immunohistochemical (IHC) staining for CD68 and CD163 was performed using the BenchMark XT Slide Preparation System (Ventana Medical Systems, Tucson, AZ, USA) and CD68 (ready-to-use, 514H12, Novocastra, Newcastle upon Tyne, UK) and CD163 (1:200, 10D6, ER2, Novocastra). The proportion of CD163-positive area in each tumor was evaluated after IHC staining (Fig. 1) . We divided the area of each tissue core into quarters and a central area and randomly chose all five fragments to determine the positive stain proportion (Fig. 1A) . Areas of fibrosis or tumor necrosis among the randomly chosen fragments were excluded. We used a color deconvolution plug-in for Image J software to identify the positive stains and to calculate the percent CD163-positive area (Fig. 1B, C) . TAM density was determined by calculating the average CD163-positive area (%) at a minimum of four different sites in each tissue.
Statistical analysis
The CD163-positive macrophages density (%) is presented as mean ± standard deviation. Differences in CD163-positive macrophages densities among TNM cancer stages, histological subtypes, and pathological characteristics were determined using one-way analysis of variance (ANOVA) or Student's t test. Statistical significance is indicated by a p-value less than .05. All data were analyzed with IBM SPSS Statistics ver. 20.0 (SPSS Inc., Chicago, IL, USA).
Ethics statement
This study was approved by the Institutional Review Boards of Seoul National University Hospital (1107-060-369) and SMG-SNU Boramae Medical Center (06-2010-176). The need for informed consent was waived by those boards.
RESULTS
CD163-positive macrophage densities and prognoses in human cancers
The average CD163-positive area was significantly correlated with the average CD68-positive area (%) in thyroid (r = 0.775, p < .001) (Appendix 1A), breast (r = 0.806, p < .001) (Appendix 1B), and lung (r = 0.780, p < .001) (Appendix 1C) cancers. Therefore, our remaining IHC assessments were performed with CD163 data.
The CD163-positive macrophages densities and the five-year relative survival rates in the 14 different types of human cancers are summarized in Fig. 2 . Excluding thyroid cancer, of the 13 other human cancers, pancreas, lung, and gallbladder cancers had the highest density of CD163-positive macrophages (7.0 ± 3.5%, 6.9 ± 7.4%, and 6.9 ± 5.5%, respectively). In contrast, endometrium, prostate, and kidney cancers had the lowest densities of CD163-positive macrophages (3.6 ± 4.6%, 2.8 ± 2.5%, and 2.8 ± 1.8%, respectively). Interestingly, among the tested cancers, five-year relative survival rate (%) was inversely correlated with CD163-positive macrophages density. The five-year overall survival rates of the cancers with highest TAM densities (pancreas, 8.7%; lung, 20.7%; gallbladder and biliary tract, 27.5%) were lower than those of the cancers with the lowest TAM densities (endometrial, 86.5%; kidney, 78.8%; prostate, 92%). Of the 14 cancers assessed, thyroid cancer exhibited an extremely wide range of TAM densities that varied according to pathologic subtype (Fig. 3) . The ATC cases had the highest density of CD163-positive macrophages (22.9 ± 17.1%), whereas the PTC cases had the lowest CD163-positive macrophage density (1.8 ± 1.3%).
Clinicopathological correlations with TAM density in thyroid, lung, and breast cancers
To investigate the role of TAMs in human cancers, we evaluated the correlations between TAM density and clinicopathological features in lung, breast, and PTC cancers. The CD163-positive macrophage density was significantly higher in cancer tissues than normal tissues in breast (4.7 ± 4.5% vs 0.6 ± 0.2%; p < .001), lung (6.9 ± 7.4% vs 1.6 ± 1.6%; p < .001), and thyroid (PTC, 1.8 ± 1.3% vs normal, 0.2 ± 0.2%; p < .001) tissues (Fig. 3) . Among the histological subtypes of lung (adenocarcinoma, 5.8 ± 4.4% vs squamous cell carcinoma, 5.9 ± 4.5% vs large cell carcinoma, 8.7 ± 7.3%; p = .428) and breast cancers (infiltrating ductal carcinoma, 4.0 ± 3.4% vs medullary carcinoma, 9.3 ± 3.4%; p = .055), there were no significant differences in CD163-positive macrophages density (Appendix 2). Differences among TNM stages were ev- aluated by assessing adenocarcinoma and squamous cell carcinoma of lung cancer, infiltrating ductal carcinoma of breast cancer, and PTC. There were no significant differences in CD163-positive macrophage density associated with TNM stage in lung (p = .821), breast (p = .060), or thyroid (PTC, p = .943) cancer (Appendix 2). Within the breast cancer samples, several prognostic markers including ER, PR, p53, and C-erbB2 were analyzed. The ER-positive (3.4 ± 4.5% vs 5.6 ± 4.8%; p = .182) and PRpositive (3.7 ± 4.4% vs 5.4 ± 4.9%; p = .319) breast cancers showed non-significant trends toward lower CD163-positive macrophages density than those in the ER-or PR-negative breast cancers. In contrast, p53-positive (5.9 ± 5.9% vs 4.2 ± 3.6%; p = .269) and C-erbB2-positive (6.4 ± 6.8% vs 4.4 ± 3.8%; p = .233) breast cancer showed nonsignificant trends toward higher CD163-positive macrophage density than those in p53-or C-erbB2-negative breast cancers.
DISCUSSION
Our results demonstrate that CD163-positive macrophage density is inversely correlated with five-year cancer survival rate in a variety of human cancers. This finding suggests the presence of a potential pro-tumorigenic role of TAMs in some human cancers. Among the 14 different types of human cancers assessed, ATC, the most aggressive cancer in humans, 16, 17 had the highest CD163-positive macrophages density (23%), which was markedly higher than the second highest TAM density (7%) detected in the pancreas cancer samples. ATC accounts for up to 2% of thyroid cancers and is characterized by an extremely poor survival rate with a one-year average survival rate of 20% and a median survival duration of five months. 18, 19 In contrast, the most common well-differentiated thyroid cancer, PTC, had the lowest CD163-positive macrophages density (1.8%). PTC is associated with lower recurrence and mortality rates 20 than other solid and relatively indolent tumors and has a five-year survival rate higher than 90%. 15 Since the differentiation of pathologic subtypes is distinctive and survival rates markedly differ among subtypes, our observation of a striking difference in CD163-positive macrophages density between two thyroid cancer subtypes led us to hypothesize that TAM density is a potential prognostic factor in human cancers.
In contrast, histological subtypes of lung and breast cancers did not exhibit significant differences in CD163-positive macrophage density. Correlations between TAM density and clinicopathological features have been reported in ductal and lobular carcinomas in breast cancer 21, 22 and in adenocarcinoma 23, 24 and non-small cell 25, 26 lung cancers. Nonetheless, only a few reports have compared TAM density based on histological subtype. Although our data did not detect a significant difference related to histological subtype in lung or breast cancers, the number of each subtype in our sample population was limited. Therefore, we recommend a larger-scale study of TAM density in a variety of histological subtypes.
In this study, there were no significant differences in CD163-positive macrophage density among TNM stages in lung, breast, or thyroid cancers. In addition, cancer tissues showed higher CD163-positive macrophage densities than those in normal tissues in lung, breast, and thyroid samples. In breast cancer, there were trends toward negative correlations of TAM density with ER and PR expression, whereas there were trends toward positive correlations of TAM density with p53 and C-erbB2 expression. Previous reports indicate that TAM infiltration is inversely correlated with ER expression in breast cancer. 7, 27 However, this correlation might vary with TAM location. 22 Medrek et al. 22 reported that a dense infiltration of CD163-positive macrophages in tumor stroma was associated with ER-and PR-negativity, but there was no such association in tumor nest. Our study results show a non-significant trend toward negative correlations between ER and PR expressions and density of CD163-positive macrophages. Due to data limitations, we could not assess such correlations according to infiltration location.
Selecting the most appropriate marker for TAM assessment can be challenging. Originally, a TAM was seen as a residual macrophage within the tumor microenvironment, and the biological characteristics of TAMs have been shown to be anti-tumorigenic, cytotoxic, or pro-tumorigenic. 1, 28 Furthermore, macrophages can undergo polarization and change from an M1-macrophage (classically activated, pro-inflammatory) to an M2-macrophage (alternatively activated, anti-inflammatory or regenerative). 29 Collectively, these findings indicate the difficulty in choosing a cancer-specific TAM marker. In the beginning of this study, we performed IHC investigations using both CD68, a pan macrophage marker, 29 and CD163, a more specific marker for M2-macrophages. 30 Those investigations revealed that the CD163-positive areas were significantly positively correlated with the CD68-positive areas in lung, breast, and thyroid cancers; thus, our remaining IHC assessments were performed with CD163 data.
Previous clinical studies have shown a correlation between TAM density and cancer prognosis. Most studies have shown a significant correlation between TAM density and poor prognosis, especially among breast, thyroid, and lung cancers. 5, 7, 8, 22 However, several studies have reported that TAM density is associated with good prognosis. Such contradictory results might be due to differences in the number, grade, stage, or size of tumors among the studies. In addition, previous clinical studies have used various methods to assess TAM infiltration. The use of different approaches could have also contributed to the inconsistent results. Although the sample size for each cancer subtype in our study population was small, the results in this study comparing TAM density in various human cancers are significant; therefore, further studies with larger sample sizes are warranted.
In summary, we detected a trend toward an inverse correlation between CD163-positive macrophage density and five-year survival rate in 14 different types of human cancers. In particular, PTC and ATC clearly showed an inverse correlation between TAM density and prognosis. Our results suggest that TAM density is a potential biomarker of poor prognosis in human cancers.
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